A Gram-stain-negative, strictly aerobic, non-pigmented, motile bacterium with a single polar flagellum, designated H29 T , was isolated from coastal sediment of Jeju Island, South Korea. Cells were non-spore-forming rods showing catalase-and oxidase-positive reactions. Growth of strain H29
The genus Rheinheimera, a member of the family Chromatiaceae of the phylum Gammaproteobacteria, was first described by Brettar et al. (2002) with Rheinheimera baltica isolated from the central Baltic Sea. The genus Rheinheimera features Gram-stain-negative, oxidasepositive, catalase-variable, aerobic and flagellated rodshaped to coccoid bacteria (Brettar et al., 2002) . Members of the genus Rheinheimera contain straight-and branchedsaturated fatty acids as the major cellular fatty acids, ubiquinone-8 (Q-8) as the major isoprenoid quinone, phosphatidylethanolamine and phosphatidylglycerol as the major polar lipids, and have a DNA G+C content range of 47-52 mol% (Yoon et al., 2007; Zhang et al., 2008; Chen et al. 2010; Liu et al., 2012; Suarez et al., 2014) . At the time of writing, the genus Rheinheimera includes 16 species with validly published names (Parte, 2014) , which have been isolated from various environmental habitats such as seawater (Brettar et al., 2002 (Brettar et al., , 2006 Yoon et al., 2007; Romanenko et al., 2003) , marine sediment (Li et al., 2011; Park et al., 2014) , soil (Ryu et al., 2008) , rhizosphere (Zhang et al., 2008; Suarez et al., 2014) , chiromomid egg mass (Halpern et al., 2007) and freshwater (Merchant et al., 2007; Chen et al., 2010 Chen et al., , 2013 Liu et al., 2012; Zhong et al., 2014) , suggesting that members of the genus Rheinheimera may have diverse metabolic functions in the environment. In this study, we isolated a presumably novel Rheinheimera strain, designated H29
T , from coastal sediment of Jeju Island in Korea and determined its taxonomic position using a polyphasic approach.
Strain H29
T was isolated from coastal sea sediment (338 309 46.240 N 1268 539 54.490 E), located on Jeju Island, Republic of Korea. A coastal sediment sample was obtained and serially diluted in 2 % (w/v) NaCl solution. The diluted samples were spread on marine agar 2216 (MA; BD) and incubated at 25 8C for 3 days under aerobic conditions. The 16S rRNA genes of colonies grown on MA were PCR-amplified using the universal primers, F1 and R13, as described previously (Jeong et al., 2013) . The amplicons were double-digested using a mixture of Hae III and Hha I and their fragment patterns were analysed on 2.5 % (w/v) agarose gels. The representative PCR products showing unique fragment patterns were partially sequenced using the F1 primer and the resulting 16S rRNA gene sequences were compared with those of type strains of all recognized species using the Nucleotide Similarity Search program in the EzTaxon-e server (Kim et al., 2012) . A putative novel strain belonging to the genus Rheinheimera, designated H29 T , was selected for further analysis of the phenotypic and phylogenetic properties. Rheinheimera pacifica CCUG 46544 T and Rheinheimera baltica DSM 14885
T were purchased from their culture collection centres and Rheinheimera muenzenbergensis E49
T and Rheinheimera hassiensis E48 T were provided by Dr Ratering of Justus-Liebig University Giessen, Germany as gifts. All four strains were used as reference strains for the comparisons of phenotypic properties and fatty acid composition, and for DNA-DNA hybridization studies.
The PCR amplicon from the 16S rRNA gene of strain H29
T was ligated into the pCR2.1 vector using a TOPO cloning kit (Invitrogen) and was sequenced with the M13 reverse and T7 primers of the pCR2.1 vector to obtain an almost-complete 16S rRNA gene sequence. This resulting 16S rRNA gene sequence (1419 nt) of strain H29
T was manually quality-checked and compared with sequences of all type strains using the Nucleotide Similarity Search program in the EzTaxon-e server. The 16S rRNA gene sequences of strain H29
T and closely related taxa were aligned using the fast secondarystructure aware infernal aligner available in the Ribosomal Database Project (RDP) (Nawrocki & Eddy, 2007) . Phylogenetic trees based on the neighbour-joining (NJ), maximum-likelihood (ML) and maximum-parsimony (MP) algorithms were reconstructed using the MEGA6 software package (Tamura et al., 2013) . Evolutionary distances for the NJ algorithm were calculated with the Jukes-Cantor model and the nearest-neighbourinterchange (NNI) metric was applied to calculate the distances in the ML analysis. MP analysis was conducted using a branch-swapping heuristic search option based on Tree-Bisection Reconnection (TBR). The phylogenetic tree topologies were evaluated using bootstrap analyses based on 1000 resampled datasets. DNA-DNA hybridization analyses between strain H29
T and four reference strains, R. pacifica CCUG 46544 T , R. muenzenbergensis E49 T , R. hassiensis E48 T and R. baltica DSM 14885 T , showing greater than 97 % 16S rRNA gene sequence similarities, were performed in triplicate to evaluate their DNA-DNA relatedness according to the procedure described previously (Lee et al., 2011) using the nonradioactive DIG-High Prime system (Roche). Hybridization signals were scanned and analysed using an Adobe Photoshop CS6 (version 13.0). Hybridization signals produced by the hybridization of the probes to the corresponding target DNA were taken to be 100 %, and the signal intensities from self-hybridizations of serial dilutions were used for the calculation of DNA-DNA relatedness. The DNA-DNA relatedness was confirmed by reciprocal interchange of the probe and the target DNA.
Comparative analysis of 16S rRNA gene sequences showed that strain H29
T was most closely related to R. pacifica KMM 1406 T , R. muenzenbergensis E49 T , R. hassiensis E48 T and R. baltica OSBAC1 T with similarities of 97.8 %, 97.6 % 97.4 % and 97.2 %, respectively. The phylogenetic tree reconstructed using the NJ algorithm showed that strain H29
T formed a phyletic lineage with R. hassiensis E48 T within the genus Rheinheimera of the family Chromatiaceae ( Fig. 1) , which was also recovered by the phylogenetic inferences based on the MP and ML algorithms. The DNA-DNA relatedness of strain H29 T with R. pacifica CCUG 46544 T , R. muenzenbergensis E49 T , R. hassiensis E48 T and R. baltica DSM 14885
T were 17.7¡4.5 %, 21.1¡6.0 %, 17.7¡4.5 % and 15.0¡4.1 %, respectively, which were clearly lower than the 70 % threshold generally accepted for new species delineation (Rosselló -Mora & Amann, 2001 ). These results indicated that strain H29
T could be considered as a novel species of the genus Rheinheimera.
Growth of strain H29
T at different temperatures (5-45 8C at 5 8C intervals) and pH (5.0-10.0 at 0.5 pH unit intervals) was assessed in marine broth (MB). MB media with pH ,8.0 and pH 8.0-10.0 were prepared using Na 2 HPO 4 / NaH 2 PO 4 and Tris/HCl buffers, respectively, and the pH of the MB was readjusted if necessary after sterilization (121 8C, 15 min). Growth of strain H29
T at different NaCl concentrations (0, 0.5, 1, 2, 3, 4, 5 and 6 %, w/v) was tested in MB prepared in the laboratory according to the BD formula. The following physiological and biochemical tests were conducted using cells grown on MA for 2 days at 25 8C. Gram staining was investigated using the bioMérieux Gram stain kit according to the manufacturer's instructions. Oxidase activity was evaluated by the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Merck), and catalase activity was tested by the production of oxygen bubbles in 3 % (v/v) aqueous hydrogen peroxide solution (Smibert & Krieg, 1994) . Cell morphology and the presence of flagella were investigated using phase-contrast microscopy and transmission electron microscopy (JEM-1010; JEOL) with cells from an exponentially grown culture in MB at 25 8C. Anaerobic growth was assessed on MA under anaerobic conditions (with 4-10 % CO 2 ) using the GasPak Plus system (BBL) at 25 8C for 10 days. The following properties of strain H29
T and reference strains were evaluated in parallel under the same conditions at 25 8C. Hydrolysis of casein, starch, aesculin, CM-cellulose, tyrosine, and Tweens 20 and 80 was investigated as described by Lányí (1987) using MA as the basal medium. Nitrate reduction was assessed according to the method described previously (Lányí, 1987) . Additional enzymic activities, biochemical features and oxidation of carbon sources were evaluated using the API ZYM and API 20NE kits (bioMérieux) and the GN2 MicroPlate system (Biolog), respectively, according to the manufacturers' instructions, except that inocula of strain H29
T and the reference strains were prepared by resuspending cells in artificial seawater (20 g NaCl, 2.9 g MgSO 4 , 4.53 g MgCl 2 . 6H 2 O, 0.64 g KCl and 1.75 g CaCl 2 . 2H 2 O per litre).
Cells of strain H29
T were Gram-stain-negative rods, 0.8-1.2 mm in width and 1.5-1.8 mm in length (Fig. S1 , available in the online Supplementary Material). Cells are motile by the presence of a single polar flagellum. Anaerobic growth was not observed on MA after 10 days incubation at 25 8C. Physiological and biochemical characteristics of strain H29
T are given in the species description and compared with those of closely related type strains in Table 1 and Table S1 . Many properties in strain H29 T such as oxidase and urease activities and hydrolysis of carbon compounds were consistent with those of other related species of the genus Rheinheimera, while some other properties such as colony colour, lack of growth at 4 8C and other phenotypic properties differentiated strain
H29
T from other related species of the genus Rheinheimera (Table 1) .
The DNA G+C content of strain H29
T was determined by the fluorimetric method (Gonzalez & Saiz-Jimenez, 2002) using SYBR Green I and a real-time PCR thermocycler (Bio-Rad). Isoprenoid quinones were extracted according to the method of Minnikin et al. (1984) and were analysed using a HPLC (model LC-20A; Shimadzu) equipped with a diode array detector (SPD-M20A; Shimadzu) and a reversed-phase column (25064.6 mm, Kromasil; Akzo Nobel) as described previously (Komagata & Suzuki, 1987) . For analysis of cellular fatty acids, strain H29
T and four reference strains were cultivated in MB at 25 8C for 12 h. Cellular fatty acids were saponified, methylated and extracted according to the standard protocol of the Sherlock Microbial Identification System (MIDI) version 6.0. The fatty acid methyl esters were analysed by GC (Hewlett Rheinheimera pacifica KMM 1406 T (AB073132)
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Alishewanella jeotgali MS1 T (EU817498) 95 Packard 7890) and identified by the TSBA6 database of the Microbial Identification System (Sasser, 1990) . Polar lipids of strain H29 T were extracted, resolved by two-dimensional TLC and identified as described by Minnikin et al. (1984) . The following reagents were used to detect different polar lipids: 10 % (w/v) ethanolic molybdatophosphoric acid for total polar lipids, ninhydrin for aminolipids and the Dittmer-Lester reagent for phospholipids.
The genomic DNA G+C content of strain H29
T was approximately 46.5 mol%, which is a little lower than the range of DNA G+C contents of previously reported species of the genus Rheinheimera (Yoon et al., 2007; Zhang et al., 2008; Chen et al. 2010; Liu et al., 2012; Suarez et al., 2014) . The only respiratory quinone detected in strain H29
T was ubiquinone-8 (Q-8), which is a good agreement with the major or only respiratory quinone detected in all members of the genus Rheinheimera. The major cellular fatty acids (.5 % of the total fatty acids) of strain H29 T were iso-C 15 : 0 3-OH (31.3 %), summed feature 3 (comprising C 16 : 1 v7c/C 16 : 1 v6c, 15.7 %), C 16 : 0 (10.8 %), summed feature 8 (comprising C 18 : 1 v7c/C 18 : 1 v6c, 5.7 %) and C 12 : 0 3-OH (5.6 %). The overall fatty acid profile of strain H29
T was similar to those of the reference strains of the genus Rheinheimera; there were some differences in the respective proportions of some fatty acid components, especially in hydroxyl fatty acids ( Table 2 ). The major polar lipids of strain H29
T were phosphatidylethanolamine and phosphatidylglycerol (Fig. S2) . Two unidentified aminolipids, one aminophospholipid and two unidentified lipids were also detected as the minor polar lipids. These characteristics of strain H29
T are consistent with the description of the genus Rheinheimera (Brettar et al., 2002; Yoon et al., 2007; Zhang et al., 2008; Chen et al., 2010; Liu et al., 2012) . In conclusion, the physiological and chemotaxonomic features and the phylogenetic inference of strain H29
T support the proposition that strain H29 T represents a novel species of the genus Rheinheimera, for which the name Rheinheimera aestuarii sp. nov. is proposed.
Description of Rheinheimera aestuarii sp. nov
Rheinheimera aestuarii (a.es.tu.a9ri.i. L. gen. n. aestuarii of coastal sediment, from where the organism was isolated). 
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